Antenna gain is an important index of wireless communication system, how to accurate measurement of antenna gain is a difficult problem. There are many factors affecting the VHF antenna gain test accuracy in the outdoor test site. Ground reflected wave is the most important source of error. A new method is proposed in this paper to measure the antenna gain by using a two-ray interference loss to modify, which improved the antenna gain accuracy.
INTRODUCTION
At present, antenna gain test is based on the free space sight propagation model in the outdoor test field. But due to the existence of ground wave, the signal test values tend to be lower or higher than the normal values, which is the main reason causing the difference of test results. Ground reflection model has a mature theory in radio wave propagation, but the error of two-ray interference loss caused by ground reflection has not seen in the public literature. When the ground reflection model is applied to the measurement of two-ray interference loss in antenna measurement, two corrections are needed: one is the calculation of the reflected phase, and the other is the calculation of the field intensity of the reflected wave.
TWO-RAY INTERFERENCE LOSS MODEL

Two-ray Interference Theory
There are mainly two signals to reach the receiving antenna: one is direct wave which propagate in line of sight [1] , and the other is ground reflected wave, as shown in figure 1 . The total signals is a composition of all incoming signals, it may be increased or cancelled. The phenomenon of contrary to the relation between the transmission power and the distance of the electromagnetic wave due to the ground wave interference, which is called the electromagnetic two-ray interference.
_________________________________________
Phase Difference Calculation
The two-ray interference is mainly caused by the phase difference between the reflected wave and the direct wave. The phase difference is composed of two parts: the direct wave and reflected wave path length caused phase difference r  and surface reflection caused phase difference F  .
It can be proved that the difference of the wave path between the reflected wave and the direct wave is equal to the difference in the geometric length between them [2] . Because the test distance is relatively short, the influence of the earth curvature is not considered. As shown in Figure 1 , the propagation path of the direct wave is:
The length of propagation path of reflected wave is:
The difference between the reflected wave and the direct wave is:
The phase difference caused by the wave path difference is:
The reflected phase difference devoted to the propagation of radio waves is usually given vale of π in the monograph [2 ， 3] , which is no longer applicable to the antenna test. As shown in Figure 2 , we simulated the reflected phase of ultrashort wave in accordance with the Fenel reflection phase [1] .The electrical parameters are selected by medium dry ground: the dielectric constant value is 15, and the conductivity value is 310 -3 . It can be seen from the figure of the reflection phase size and polarization of electromagnetic wave, the frequency of the incident wave, the grazing angle and the electrical characteristics of the ground.
To sum up, the phase difference between the reflected wave and the direct wave is:
Reflectivity Calculation
The ground reflectivity is defined as the ratio of the field intensity to the reflected wave at the reflection point. As shown in Figure 3 , we simulated the reflectivity of ultrashort wave in accordance with Fenel [1] reflectivity. The selected electrical parameters are as follows: the dielectric constant value is 15, and the conductivity value is 310 -3 . It can be seen from the figure on the grazing angle reflectivity and polarization of an electromagnetic wave, the incident wave and the electrical characteristics of the ground is almost independent of the frequency. 
Calculation of Two-ray Interference Loss
At the receiving point of the antenna, the equations for calculating the field intensity of the direct wave and the reflected wave are respectively expressed as:
where ω is angular frequency, r is direct wave distance, s r is reflection wave distance, F  is reflection phase, 0 E and F E are the amplitude of direct wave's and reflected wave's field intensity at the receiving point respectively. In the monograph [4] , the equation is given:
There is debate about whether the equation is correct. The reflectivity is the ratio of the amplitude of the reflected field to the incident electric field intensity at the reflection point, but not at the receiving point of reflection wave and direct wave field intensity. It is a microscopic and partial quantity and can not be generalized to the whole world. The above analysis shows that the equation (8) is not correct, and the amplitude of the reflected wave field at the receiving point needs to be recalculated.
The amplitude of field strength calculated by power and energy density is:
The amplitude of incident wave field at ground reflection point is:
The amplitude of reflected wave field at ground reflection point is:
As shown in Figure 4 , the reflected wave is equivalent to an image radiation source at the distance from the ground reflection point so that the amplitude of the reflected wave field at the receiving point can be calculated: From equation (11), (12) can be deduced as follows:
With the relationship between 0 E and F E , the synthetic wave field strength can be calculated. The field strength of the composite wave is expressed as the vector sum of the direct wave field intensity and the field intensity of the reflected wave.
According to the Euler equation, the two-ray interference loss is as follows: 
ANTENNA GAIN MEASUREMENTS
The Traditional Method
Traditionally, in addition to the antenna under test, one extra antenna is needed. Then, one is used as the transmitting antenna, the other is used as receiving antenna. This is called the same antenna method.
The test distance is d, the operating frequency is f and the input power is t P . All of the parameters above are known, and the gain of the antenna under test can be calculated by equation (16) as long as the received power r P of the receiving antenna is measured [5] .
Where, G is the gain of the antenna under test (dBi), r P is the power received by antenna Rx(dBm), t P is the power transmit by antenna Tx(dBm), f L is the propagation loss of signals in free space(dB), 1 L is the feed cable loss at transmitter(dB), 2 L is the feed cable loss at receiver (dB).
The Proposed Method
The understanding of L is the main reason for the difference in test results. In the relevant technical data of antenna measurement, f L is calculated in terms of free space propagation loss.
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Obviously, this understanding does not take into account the influence of ground reflected waves, and the presence of reflected waves will cause great measurement errors. For example, there is a reflected wave of 20dB smaller than the direct wave signal at the receiving antenna stand. Though, the reflected wave is relatively small, but after adding to the direct wave, then there may be a change in the 81%~121%.
Therefore, the signal space propagation loss should be understood as the sum of free space propagation loss and two-ray interference loss, and the corrected gain equation is expressed as follows:
Where, bf L is propagation loss in free space, F L is two-ray interference loss.
An Example of Measurement
We choose a flat open ground as the testing ground. Antenna under test is a 3m length whip antenna. Its working frequency is 30MHz~90MHz. Antenna gain measurements are accomplished using the two antenna method. The transmitting and receiving antennas are both mounted 10m above the table top on a fixed wooden stand to minimize perturbation of the electromagnetic fields. The test distance were 100m and 200m respectively.
We select two-ray interference loss model for vertical polarized wave in medium dry ground. The electrical parameters are as follows: the dielectric constant value is 15, and the conductivity value is 310 -3 . The two-ray interference loss at the 100m and 200m test distances is calculated by equation (15), and the results are shown in Figure  5 .
Based on these values, the measured data at the test distance of 100m and 200m is calculated by the traditional method and the proposed method, and the difference between two results are shown in Figure 6 .
It can be seen from figures 6, the results modified by two-ray interference loss model has a better agreement than the traditional method. The performance of the proposed method is 2 times higher than that of the traditional method. The 90% gain differences are within 2dB,which are very close to the theoretical value. 
